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INTRODUCTION. 

If we look at  a chart of the West Indies it is evident 
that the chain of small islands which form the eastern 
boundary of the Caribbean Sea can give warning west- 
ward of these storms whch, generating to the east of those 
islands, pass westward over them; but that the islands 
themselves will always have to depend chiefly on their 
own local observations. 

%ahJ the larger lslands from Poi-to Rico to Chba 
sho d be continual1 on the watch for the possible 

alon the Caribbean Sea; and this a plies more partic- 
ular 
Win ward Islands may d e c t  Jamaica in several ways, 
or by assing far north or far south it may hardly &ect 
that is and at all. 

It thus appears that there i! need f0.r locnl observations 
to su plement the telegraphlc warnings Jssuecl by the 
Unites States Weather Bureau at Washmgton, and it 
was with this object that the following pages were writ- 
ten. 

Again, the local telegr.ap!i wire? soon go dam: as the 
storm advances, hence it is advisable to consider the 
observer as isolated with regard to information from a 

curving northward o 9 any storm which may be passing 

to Jamaica; such a storm a( P vancing from the 

P 
f 

distance, whether or not he has received the generd 
warning from Washington. 

Technicalities can not be avoided, but I have done my 
best to make the matter as simple as possible, so that 
any one who has a good barometer and a fair knowledge 
of clouds may be able to forecast for his immediate 
locality, and to make valuable observations for the future 
development of the cyclonic theory. And I may as 
well begin by quoting from the notice published in 
Jmiaica at the commencement of each humcane season: 

A barometric “depression ” over a large area involves weather “dis- 
turbance”; the low barometer is always accompanied by rain, some- 
tirues by very heavy rain; and i f  the depression does not speedily 
fill up and disappear, the wind begins to circulate about its center in 
a direction contrary to that of the hands of a watch face upward 011 a 
table. 

When this action is continued the barometer gradually falls at the 
center, the wind sweeps faster round the center, and the system thus 
established is called a “cyclone”. It is to the position and motion OF 
the centers of these “depressions" and “cyclones” that the telegraphic 
storm warnings refer. 

When a cyclone is fully develofed, the wind near the calm center 
moves round it with “humcane force; so that when it is reported 
that a “hurricane” wept  a certain island, we know that the center 
of a great cyclone passed ov4r or near that island. 

And with this understanding we shall continue to use 
the word “hurricane”, which histor has made appli- 

may that the word “ typhoon ” is applicable to a similar 
storm of the China seas. 

cable to a great storm in the West P ndies in the same 

QENERAL DESCRIPTION OF CYOLONES. 

In  the year 1886 the late Hon. Ralph Abercromby vis- 
ited the observatories at Mauritius, Madras, Calcutta, 
Manila,. Hongkonw and Tokyo, to collect information 
respectmg tropicaf%yclones, and he published the results 
in an article “On the relation between tropical and extra- 
tropical c clones.JJ1 It was read before the Royal So- 
ciety in Lbruary, 1887, but the amphlet he sent me 

ence is made to the work of the late Padre Vifies at 
Habana. The conclusions at which he arrived are so 
clearly expressed and unbiased, that I can not do better 
than quote them in paragraphs, adding notes taken for 
the most part from my own observations made in Jamaica 
during the past 40 years. 

( I )  All qtcbnes have a tendency to immrne an. oval form; 
the larger dzaimeter may be in any direction, but has a de- 
cided tenden y to rclnge itself nea.rZy iir a. line zwia the direc- 
tion of propagation. . 

The center of the cyclone is almost invariabZy toward one 
or other end of the longer diameter; but the d.isplacement may 
p!a.ry dzrring the course of th,e same depression (op. cit., p. 28). 

The “oval formJJ is of course that of the isobars or 
lines of e ual barometric pressure surroundin the cen- 

recent years hare been so nearly circular that in the case 
of tu1 advancing storm we can assume that the isobars 
are fairly circular, and lay off the direction of the center 
by the direction of the wind and cloud-drift in accord- 
ance with the results given in sections (I  I )  and (13). 

contains additions up to June of t Yl a t  year where refer- 

tcr; but t 1 e cyclones passing over or near f: amaica in 

1 Pmedlngs of the Royal Society, London, Nov. lSS7, vol. 43, pp. 1-30. 
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FIG. 1.-Kempshot Observatory Jamaica B W I altitude 1773 feet above 
-1eswl; with cdrnmanddg view in dl dirwtidm.’ 
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Re. 2.-Distrfbution of prerrsure and alosein winds in an average hurricSne moving 
wast-northwe&ward. 
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FIG. 3.-Relation of fall of pressure below the mean and the distance from the edge of 
the central calm. (See equation 1.) 
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FIG. 5.-Barogram a t  Kingston for August 15-20 1880. showing the rise two days before 
the hurricane of 1880, August 18, while the ceder was still 800-900 miles east of there. 
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FIG. 4.-Ocean currents and average tracks of hurricanes in the West Indies and Gulf waters. 
----A=August tracks; ----S=September tracks; ------- O=October tracks; ++ + Ocean currents. 
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In the case of the hurricane, 1915, August 12 and 13, 
s eeial means were adopted in W. R. No. 446 a to show 

ricane, 1916, August 15 and 16, in W. R. d. 460. 
This circularity is no doubt due to the fact mentioned 

in the nbxt paragraph; and it explains the absence of 
“trough” phenomena described in section (17). 

Figure 2 represent8 the slightly oval isobars of ail aver- 
age cyclone nioving toward the west-northwest dong its 
axis, having the gradients steeper in front than 111 the 
rear, as was the case in the hurricane of 1903, August 11. 
The barometric pressure of each isobar is marked,. the 
pressure in the calm central area being 28.9, or an mc11 
below the mean; and the four small arrows show the di- 
rection of the wind at different points in accordance with 
with the results for s m d  distances given in section (I  I). 
The trough or dividing liiie between falling and rising 
pressures as the cyclone moves forward, is in this case a t  

t E at the isobars were circular; and similar1 for the hur- 

Ei h t  angles to the asis. 
%e shall measure gradients in decimals of an inch 

barometric1 per mile; and it will be found that between 
the isobars-29.7 and.29.5, the average gradient is only 
0.003, while the gradient between 29.1 and the center IS 
0.05 hch. 

Consequently while the fall is small when the center is 
100 miles or so distant, and while it continues to fall very 
slowly at a lace in its direction of motion, nearer the 

forward, as it were. 
As this is all very important, figure 3 shows in another 

form the connection betweea pressure, or rather the fall 
of pressure below the mean, and the distance T from the 
ed e of the calm area. 

4he curve in figure 3 may be taken to be the tivcrrtai’ 
of a large number of cyclones: and it represents t.hc 
nlcebraic equation 

center the f BP1 is very rapid and the “hurricane” rushes 

where A p  iY the fall of pressure, corrmted for diurntil 
variation, below the mean for the time of the p ~ r  in 
quest.ion, and where c and n are constants for the snnw 
cyc.lone, with limit,ations, of course, as to front ant1 r e ~ r  
and to time. The constant c may varj7 between I and 
4 inches; and a may be as much as f 1s miles. In figrirc 
3, c has bem taken to be 3 ,  which often occurs, and 12 

has been taken to be the zero. 
When a is large and positive the gradient. near the 

center is very steep; this often occ.urs among the small 
islands east of the Caribbean Sen; when a is lar e and 

cyclone is either commencing or dying out. 
It will be noticed in figure 2 that a t  a certain point the 

fall of pressure lertvea the curve and follows t,he tangent. 
to t8he lowest reading a t  t.lle edge of the calm centra.1 
ares; and if a and c are known, and also the lowest pres- 
sure in the central area, it  is very easy t,o draw the - h a 1  
tangent; but it is not so easy to find t.he exact point. 
where the tangent touclies the curve. 

Let G be the gradient, a t  any point in the cuTe mciis- 
ured in decimals of an inch of mercury per mlle of tlw 
radius r; then by differentiatina equation (l), or by :I 
similar algebraic process (see gate A), we got 

negative. the gradient is small, and apparent,y 7 thta 

-.- 
2 Jnmaiea weather reports are thus referred to. 

Let Ap0 be the fall st the center, let p ,  be the fall rtt 
the point where the tangent takes off, a.nd let ’r, be the 
radius of this point or its distance from trhe calm central 
:irm ,: tlien 

w1ieiir.r wc? criaily 01) taiii (sec pu’o te R) , 
Apl = %Ape - Ja./t?Ap13: (3) 

When a ib XVI’L)~  Ap, = 3Apo: whe1 (1. is B positive or 
ncga.t,iw quniititv, equation (31 is :I. cubic, but i t  may 
oasily be solverl hy apprminiiit,ion. And then r1 may be 
found from the (wrvc?. or from equat.ion (11, m t 1  O from 
(3). 

1. liestr cyutit,ioi:n should iict t be pressed ;is though the 
cyclniir funct.ions exactly followcd the law espressed by 
yiluat.ic-m ( I  ) : they are rather int.ended to  give a clear 
1ilr:i o€ what we may expiv.t, from R general averitge. 

(2) Tropirul 1i.urrica.nes atac wmnlZ!y ? f .rnucIr snzdler 
dimensions than P.rtrwfropicaZ c!lclnnrs; but the cen$ral 
t l rpcss ion  ,is .rittich s t e e p  and more ponounced i,n th.s 
-t’n~rner. t7itrrt ‘ i i ~  the Iatter.. 

In t.he hurricaar of 1903,. August, 11,  the cent,er pa.ssei1 
a.lo11,o the middle of Jamaica, nnd the clianieter of the 
st.c)rm aron w l i ~ ~ r ~  the wiml WBS above 50 or 60 miles an 
hour, was only 40 miles; and outside a Biametm of 100 
miles t.he wind was not, niorc than 20 miles an hour. 
hl 11~21’ tlw cciit,er t.he gradient. ~ t w  0.0-1 inch per mile, 
m c l  tlic wind r cwhd  liurricme force in gus t:s. Snd 
similarly for all our cyclones. 

In the Wiiirlwnrd si ld Leeward Islitiids thc gradients 
iiwr the c.ent,eis are often much steeper, n s  already said, 
mtl the wind terrific; but. t.lie storm mea is no larger. 

(3) Trop%cd c!Icloiws have lpss tendency to split into two, 
or to ilPat4op twconiiwies than. those in. highan lut&dcs, 

When a cyclonca tlev~lops, ti minor depression is gen- 
 ally forincd. mhich c.imf iises the indications; the [minor] 
clepression may mow dong the mid-Chribbenn while? the 
cyclonc may c.it,lier follow it. or mcwe northwestward; or a 
tmti secoijclary mn,v bo fnrn1ec.L on thc edge of t,lic: 11rirnn.ry.~ 

(4) A tiylAocin., u!hi.d h ~ s  coi .e  jifi.o,n the Tropics, e m  
twmhi,rt.a wi.i?L a c!ycloon.e t h d  fias beer& formed outside the 
Tropics, nnd -f,,r-m n &iiglc .timi!, a.nd perhups inore i/n.tPnse, 
dc pressinn. 

(5 )  A7,’o tyclonr: .is u.ti. *kdatd phPnonitwun.; i t  is ahmis 
rela.i.ed 211 th.e grn.eta1 distriht.ion (4 prossu,re. i.n, tli E latitudes 
.idifre it ‘is ymerated. The  eoncnatric circles, which are 
usu,alliy drawn. to .represent a cyclone, ignore the fa’& that a 
cyclons i s  a1wcc.p coimested *with clnd controlled by some 
ndjctcent arm cf high pressiwr. 

Of greater importance tlinii the isobais are the curvet1 
lines, on a chart, showing the tracks of centers. Charts 
have been drxwii showing 011 a single sheet the courses 
of a hrge number ot West Indies hurricanes for each 
of the thee ‘ huriicrine ” in011 t,lis of August, September, 
:md Octobcr, without rcfrreiicn t,o the particular pressure 
conditions which niay affect each hurricane; and it is 
rlifficult tu m:ikc out any average t,rack or any rule 
affecting them .5 

If, however, in Yrof. Fassig’s charts we attempt to 
gronp t.he tracks which pass sout,h of Haiti (Hispaniola) 

1 1  

aTn the U. 6. MONTHLY WEATHEB I t E m  for September 1805 thm am charts and 
a penern1 descdption of this hurricane, sent to the REVIEW dy tlle’writar as the Jamaica 
15 eather Scrvb was closed between 1889 and 1907. 

4 As in the hurricanes pf 1015, Aug 12 and 1916 Aug. 15. 
b“W& Indlan HUITWB~BS” Pmf, h. B. C h o t t :  and “Hurrkanes of the West 

indies,” Prof. 0. I,. Fwlg, bdth published by the U. S. Weather Bureau, W a s h i .  
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and Cuba, those which pass for the most part northof 
those islaiids, and those which me internidate,  or which 
curve from the first group into the second, wo obtain the 
following remnrkablc chart, figure 4, where the average 
tracks for the three groii )s in A i ~ p s t ,  Scptemhcr, and 

Importance must be attached to the place of com- 
mencement of each of these average curves, but none to 
the place where the arrowheads are marked to show the 
direction of motion-the curves may be continued 
northeastward to any extent. 

There is a great deal in this chart to attract attention; 
most of the c clones begin in about latitude 1 5 O ,  where 
the rotntionJeffect of the earth on moving currents is 
sufficient to set up cyclonic rotation; and most of them 
begin a few miles east of the Lesser Antilles where the 
great equatorial oceanic current is split in two, one part 
goin into the Gulf of Mesico and the other part skirting 

Indeed the general effect of currents can not be over- 
looked; in figure 4 only the princi al currents given by 

noticed that the southern August and September tracks 
pass between the lower north and the south equatorial 
currents straight into the Gulf; that the intermediate 
August track commences similarly but curves toward 
the currents east of Florida: that the intermediate and 
northern September tracks lie between the two norther1 
equatorial currents; and that the northern August trac 
simply follows the northernmost equatorial current past 
the Bahania Islands. 

In  October the pressure is generally high in the South- 
ern States of North America; and the three October 
tracks apparently avoid the high pressure by curving 
sharp1 to the right. 

Cyc 9 ones require vapor, which they turn into rain! 
thereby developing the heat necessary for their pro- 
longed existence; and it seems probable that the supply 
is insufficient until the montrh of August, when the region 
of equatorial heavy rains between South America and 
Africa reaches as f a r  north as latitude 15’: 

(6) In  all latitudes pressure often rises ova’ a distriet 
just bejbre the advent of a qclone. T1.e nature.# this rise 
i s  at present obscure; but the character of the unusually 
f ine  weadher under the high presstwe is identical both within, 
and withoat the Tropics. 

Figure 5 shows the rise in pressure a t  Kingston, 
Jamaica, two days before the hurricane of 1880, August 
18, when the center was 800 or 900 miles away to the 
east: the mean height of the barometer was 29.9 inches 
at that time of the gear; and the rise in pressure was 
0.08 inch. Both the 16th and 17th were fine and calm in 

Octnber, are clistinguishec I! by the mit,inls A, S ,  imil 0. 

the % ahama Islands. 

Lieut. Soley have been marked c Y own: arid it will be 

Kingst,on. 
But the change in the weather is niuch more strongly 

marked in the interior Darts of the island: during: the 
autumnal months daily thunderst,orms occur: the Gorn- 
ings are fine; clouds of the cumulus t pe gather and 

lightning. tonsequently when i t  is found that there is 
no ascensional movement, that the sky remains almost. 
clear, and that what clouds there may be appnrentlj- 
descend and dissolve, the unusual woather a t  once 
at  tracts at tention. 

ascend in lar e masses, and break up wit i? rain antl muoh 

.__ -. ... 

(“The cuculatlon in the North and South Atlantic Oreans~’-sopplemcnt to tlie 

7 This theory or the mechanism ofburricanii is slill the subJeet of discussion.+. A., jr. 
Pilot Charta-by Lieut. I. C. Soley U. 8. N Felxuarv. 1918. 

(7)  hi all latitudes a cyclone which has been generated at 
sea a pears to have a reluctance to traverse a land area, and 

In  figure 4 cyclones following the southern August 
track generally break up on reaching the coast of Mexicw; 
cyclones following the middle September hack are 
sometinies broken up by Haiti or Cuba; but a small 
island like Jamaica has no such effect! 

(8) After the. passuge of a cyclone in m y  y a ~ t  o ‘the world 
there is a remarkd2e tendency for another to J ollow very 
soon, almost dong the same tmck. 

With reference to both the southern August and Sep- 
tember tracks, it  often happens that a small cyclone 
precedes a large and dangerous one; the last of the more 
noLiceable occasions was 1915, September 24, as reported 
in W. R. No. 417. This tendency for a “secondary” to 
precede the primary, both taking the same course south 
of Jamaica, great,ly confuses the indications as already 
stated in section (3). 

(9) The velocity oj ’  poyagat ion of’ tropical cyc1on.es i s  
always .mall, and the amerags greatly less than th.at of’ 
European depressions. 

The centers of the cyclones of 1903,1915, and 1916, all 
moved with a velocity of about 20 miles an hour: but as a 
rule the velocity is less, especially when the cyclones are 
generating. A number have generated south or south- 
west of Jamaica, when the centers appear to be station- 
ary or rather to oscillate a little east and west before 
they move on their course with increased energy. 

(IO) There is much less dijerence in the temperat.ure und 
hu:mi&itu bqfore and after n tro k a l  cyclone than in h i g e  

tressing in every part oj ’  the world. 
The temperature of the air during a hurrictme at night 

is 5 or 6 degrees (F.1 above the average (W. R. No. 
446, p. 7): and the oppressive heat is at  least disagree- 
able? 

( I  1) T7ie uGnd rotates minter-clockwise round euay cy- 
clone i n  the .Northem Heir&phere,: crnd everywhere as an 
.in-goin,g spiral. me a.mntnt of in-c.iiwa.t ure fin. tlw sanw 
quadrant ma!y z*my dwri.ng the course of the mr te  cyclon~; 
but in most tropical htvricanm the .in-mrva.ture is least ‘in 
lront and greatest in. rear, wlwreas i n  England the greatest 
an-curvatu.re is w u u Q  found i n  t h  IGght -fvon,t. Some ob- 
servers th.in.2 that, bro&%y s p e a h g ,  the in-curvature qf the 
wind decrea.ses as we reccde .fioin the Equator. 

In order to make a gmeral study of the direction of 
wind and cloud drift with reference to the center of a 
cyclone, i t  will be necessary to adopt some simple system 
such as the following: At the place of observation D in 
figure 6 draw the wind-arrow or cloucl arrow, the arrows 
being of course supposed to fly with the wind or cloud; 
antl measuring angles from t.he east. point of the horizon 
round by tho north, call t.he wind angle a.  Again a t  the 
place of observation lay off the direction of the center. 
and measuring the same way, call the angle 8. Then if 
4 = 0 -a. 4 is the angle between the cent.er ant1 t,he wind 
arrow. 

u8u.a B y breaks u p  when i t  crosses a coast line. 

lccCitde,& The qziality oj  t7u R eat in j ron t  i s  alwa.ys dzs- 

-. . .. . . .. . . .  . . . . . . .. - -. . . 
8 In the hurricane of Aue. 11, the central area Passed over Vale Royal near Kings- 

ton, and along the rough intcrlor of the island t o  Montego Hay. These places are 85 
miles mart. hut the lowest lvarometers were evact.ly the same at both plwes,nmely. 
2 W 3  inches: and there was the same estimated wlovitv of the wind. 

3 I how been unfortunate with thermometer screnns durlur hurricanes. I have 
them rlamwed to woodeu slmds firmly attached to the ground: but something has 
to give was-, and the thermomelers am either displaced or broken. 
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The following diagram and table will be useful: 

CENTRE 
\ 

FIG. B.--Diegram illustrating systrm 01 .wmiug aogle:; lor I 1ii. rviml-3rruw ut till: 
station D. 

Wind or cloud dr@. 
. . . . .  . . . .  -__. ....... - . . . . . . . . . . . . . . .  -. 

From- I a i i  I1 YroiI-- i a  

. . . . .  ._. . . . . . . . .  --I.. 

Similarly for cloud drift: 

For cumulus, &2=f-a,. 
For cirrus, +3=j3-a,. 

For stratus, +I=L3-~l .  

The length of the arrow, or the numlwr of feathers, may 
be arran ed to indicate the veloc.ity of the wind aworcling 

Now the average couixe of the center of cyclones in the 
West Indies between longitudes 60' and 75b is from east- 
southeast to west-northwest (see fig. 1); and the obser- 
vations of the wind in Jamnica were divicled among the 
following quadrants : 

to Beau P; ort's scale. 

1. ese, and fi  between 300' and JIBc. 
3. m e ,  and f l  between 31)' and 119". 
3. wnw, and fl  between 120' and 200". 
4. RBW, and fl  bctween ?IO' aiid 2!>!#o. 

Moreover the observations were furaer  divitLcd in to 
two groups accordin 
taking those made w E en the center was at  a consic erable 
distance, say 300 or 400 miles, and the second group con- 
taining those made when the distance was smd and less 
than 100 miles. 

But over the Caribbean Sea there is B constant drift 
which blows over Jamaica from the east-southeast during 
the hurricane months of August, Yeptemhcr, and October: 
and although on the ldns it is subjerlt t,o the irregularity 

much more regular; and for t.hc general reduction of 
observations it was assumed that the cwnst.ant drift flows 
a t  the rate of 8 miles an hour. 

In  figure 7 let D be the place of observution, aid  Dk,' tt 
line drawn toward the east point of the horizon: then if 
D,A be the drift from eastsoutheast, and P B  the observed 
wmd from northeaat at 10 miles an hour, by 'oining AB 
and completing the . parallelowam we find that the 
cyclonic wind, or wind t~.ue to tBe cyclone aloiic, is DL! or 
a wind from north a t  10.5 miles an hour. 
tt The observations were talieii from 1 3  of the more 
suitable cyclones which were apparently unaffected by 
secondaries, or other c clones at a distance; they were 

P con- 
to distance, the first grou 

of the sea- and land- t: reezes, yet a t  higher elevations it is 

formed into groups, an B the general drift wns eliminated 

h 

E 

from the groups by means of the arallelogram oL veloci- 
ties. The results are given in t R e following table: 
.. - - .----._-_I_._ .- - ... ..... .. .. 

Angle 9 betwwn wind arrows 

QiaJrant, or hwring olr~ntcr. .... 

(1) e. ................................................. 
12) nne ................................................ 
( 8 )  .w ............................................... 
(4) ssw 

Means.. .............................................. w 
- ___ __ . - - _ ___ - - - 

The first thing that we notice is that tho angle is larger 
when the distance is small; that is to say, the motion 
becomes more circular as we approach the center. 

The next thing we notice is that while the angles in 
uadrants (1) and (3) of the table are equal, or nearly so, 

L e  an le is a masimum in (2) and a minimum in (41. 
The ruk here seems to be that when the center is approach 
ing in (1 ) , or receding in (3), the angle is about the same, 
namely, 44' for large distances, and 65" for small. But 
when the center is passing in (2), the wind arrow lags 
behind the moving center; and when the center is passing 
in (4), the wind arrow lags in front, so that the angle is 
too large in (2), and too small in (4). Tho wind arrows 
for small distances are marked in figure 2.  

Now a large number of cyclones pass to t,he northwest 
of the British Isles on a northeast.erly course, so that "the 
greatest incurvature on the right front" in England cor- 
responds with wind arrow in Jamaica lagging in front of 
the moviw center (4). And as 49' is the avera e angle 

while it is only about 20' for the cyclones farther north 
so that the in-curvature "decreases as wo recede from thcn 
Equator.'' 

For some details respecting these important conclu- 
sions reference must be made to the Quarterly Journal 
of the Royal Meteorological Society for July, 1916, and 
January, 1917, but even there the voluminous obsorra- 
tions had to be summarized. 

(12) The velocity of the u%id always i.ncu.maes as awe ap- 
roach the central cab, i.n c1 tmpiertl ccyclone.: whereas i,n. 

liqhep Intitides t7t.e strongest vc*inc~* cml t~ e steepest pv.- 
diwits are often. txm.e way .fro.m the center. T h e  prtiori. 
tf a cyclone which .is of h~uwicm~ violence j b t m s ,  as rt were, 
a kernel in th.e center of a rin.g ofoordinudy ba.d uieathev. 
In this peculiarity tropcal  cyclon.es u.ppro;ci;mclte more to the 
type of a whirlmnd totnado, but the author do& imt think 

for large &stances, the in-curvat,ure is 41' in B amaica. 

U U r d  Britain. Meleoroiogical Oficr. '. Haromi~ter K m l o l  (OfIir~i311." 1912, p. 3U. 
Idondon. W p m n  b. Rons. 
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that a cyclo.ne -is o d  a higMy devebped whirlwind, as there 
are no tmmitional ry0rni.s of rotating ail.. 

The h t  part 02 this aragra h is perfectly true, hut, 
I do not understand t f e  midile part. The wind in- 
creases as we approach the central calm, which may be 
a few miles or as much 8,s 38 miles in diameter, so that 
a ring of wind of hurriccane force surrounds the calm 
center; the diameter of the storm weti inn?; br 100 miles 
or so, and the diameter of the awn under cyclonic influ- 
ence may be 1,800 miles or niore. And as cyclones com- 
mence by rotation of the wind over large areas, there is 
nothing to connect them with tornadoes, whose din.xneters 
may not esceed 1.00 or 200 yards. 

I 1 
0.0 0.2 0.4 

FALL BELOW hlEAi" 
FIG. $.-Cur\-e PSlJrtdng rehtitm ~ c ~ \ \ - Q L w  rhr B11 of thr prc.ssurt. IJCIOW lkw niiwi iml 

Ihe velocity of the wind 

There is n close coniiectioii between the velocity of the 
wind and the fall of pressure. Let v be the velocity in 
miles per hour corrected for the constant east-southeast 
Mt as ex lnined in section (11); let A be the fall of 

of the day, ns before; then 
pressure be P ow the mean for t.he time o Y year and hour 

~ = 9 8 A 1 1 -  48A~>', ;3 (4 ) 

In the? table below the first 5 results of observation were 
ven by the same reseurches which gave the angle between 

!?I t e direction of the center and the wind nrrow; the sixth 
was taken from observations in Jamaica given below on 
page 553; and the last result wns taken from the observa- 
tions at 'New Orleans cluring the hurricane of 1915, 
September 29, which passed south of Jamaica and 
apparently developed as it crossed the Gulf of Mexico.'I 

111 I 

'1 ! 
41 1 See t t l d v .  ii. 881. 
50 ~ 

A'> - -  ' t  
----_. .............. .............. 

All these velocities assume that t.he wind blows steadily, 
stered by a Robinson anemometer during n 

considera is r?? le interval of time; but the wind in a cyclone 
11 r .5. 3 f o x m z ~  WEATBEE REVIEW, September, 1915,13:17?. 

blows in gusts, as described in section (IS); for velocities 
of 20 and 30 miles an hour the gusts are often twice these 
figures; for velocities of 50 and 60 miles an hour the gusts 
tare about 13 times these figures; mid they become ap- 
ptilling as the center draws near. 

The wind increases in velocity as we approach the 
c.:entrd awn, according to the rule ab0t.e or to some modi- 
fication ot' it, and finally the velocity is such that the 
liydrodpsniic equation is satisfied, ntid the "centrifugal 
force ') o€ thc rotating air is equal to the pressure toward 
t,lie center produced by the grttdient, nnd this determines 
tlie riidius of the calm areti, .ro. 

Tnking t.he n-ell-known equat.ion 

p - k p ( 1  +O.O03665t) 

where p imd p ure the pressure and density of the a,ir, a d  
I its temperature centigrade, if we take t = 29' at the center, 
m d  if we take miles and hours 8s the units of space and 
t,ime, 7;. = 302,200 (see Note C) and the equation becomes 

1) .-- 433 ,900~ .  
Wt? thus have, s ~ p p ~ ~ i u g  the center to be i1.t rest., 

We huvu only two good cases to test this e uatioii; 
when the central area passed over Brandon HA, 1903, 
August 11, and when tlie central areti passed over Negri1 
Point Lighthouse, 1916, August 15-16. 

I I K A N I W S  HILL, .AIr(iUI3T 11, 19(13.'3 

J1iutreiyt'rrCt'. 

9 (1. m. 
r,,, 8mis ................. 
G, (S:45'-9:15w) 0.040 in.. . 
p, 29.2in. .............. 
a, 3 w .  ................ 
I$. !IO ..................... 
1 1 ,  70 ribs., fi9 comp. ...... 

li'nicrpics~. 
10 8.111. 

........ .8 mis. 

....... .(9:42~10:1.5~) 0.025 in. 

....... -29.2 in. 

....... .90° 

........ 70 

....... -60 obs., 68 mmp. 

S E G I t I L  POINT I.II;HTHOI~SE. .\UGURP 15-16, 1916." 

IBth, 10:30 p. m. 16th. 1:30 a. m .  
rn, 19 mis. ..................... -19 mis. 
(4, (10P-llp) 0.008 in. ........... .(l&P) 0.015 in. 
p, 39.1 in. .  ..................... 39.2in. 
a, 392'. ........................ 1 3 5 O  
+ ,50 . .  ......................... 26 
I?, BO o h . .  6s comp. ............. .96-1;30 ohs., 140 comp. 

The last computed velocity is too large; but if C$ had 
been taken to he 34' instead of 26", the computed 
velocity would have aqeed with the observed velocity, 
which was about 108 miles/hr. Tlie difference is due to 
an irregularity in the wind, which a t  first blew too nearly 
toward the center. Such irregularities will always occur, 
slid these computations may be considered satisfactory. 

If instead of taking two special cases we had taken all 
the obsorvutions of velocit nem the calm area, which 

with the velocity computed hy equation (4). 
w e  liere given, the mem ve P ocity of 83 miles nearly agrees 
__ - . - ... - .... _. - -. __  .... - .... ._ - ........ .. -_ - .... ......... 

Thu Erlita prefers the mure accurate expression "centri ugal tendency." 
Id NONTHLY WEATEER REVIEW, Septemher, 1905. 
14 Jamaies Weather Report No. 460. 
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1880. August 18 ..................... 
1903 sugust 11 ..................... 
1913. Norember 18 .................. 
1912. November IS _____. . __. ___.._ ._ 
1916, -4ugust I6 ..................... 

I 

1909: :\"gust 11. .................... 

.Means ........................ I.. ..................... .( 2s. sq I ?w 
-. . -. . . . . . .  

.............. i Kingst.on 
Vale Royal ............. 

i Brandon Hill 
Kempshot .............. 
Npgril Point .......... .I 
S e r i l  h i n t  .......... _ '  

.......... 

And as the average pressure was 39.92 [ini.hss] for thew 
dates, we have Pp=1.04, and v = S 7  from whitrh itre 
well within the robsble error of o1:mrvation. 

Gr,,=+sin24, w1iic.h gives n general idca of the rclntion 
between .G, r and C# ,nt  the cdge of the central cinlm. 
When sin4 is 1, or otherwise constant, tho smaller tho 
radius of the calm area the larger the grnclimt, nucl vice 
versa. Such small a.reas and large gradients ofton 
occur among commencing cyclones to the east of the 
Caribbean Sea; and for a11 es:tmple of I Inrge area and 

adient we c.an refer to the Jamnicn hurricane of 

Now, while win4 is the velocity of the air rottit.ing in 
a circle round the center, vcosd is the velocity of the a.ir 
pouring into the calm a.rea from all sides. The air here 
is hot and dry, as described in section (16). Its high tem- 
perature will cause i t  to ascend and to partly dissolve 
the clouds, so that in the dn time patches of blue sky 
may be seen between them, lkming what is callcd the 
" bull's-eye ". Constant ai( '  tion is herehy niaiii tnined, 
more air is drawn in, morc rnpor condensed into rain, 
more heat developed. In fact, :t "machilie " is established, 
which finds fresh su plies of vapor as the cyclonc tra.vels 
sometimes thousan $ s of miles over the surfncc-! of the 
sea toward the British Isles or Iceland. 

(13) The geiieral circula.tio,i qf a c ~ & i t t ,  as a?iouvr. hy 
tA.e m.otion of the cloz(~7s, appears to be tiiP smno wetywhrc.  

All over the world ~unii81ial: co7orcr.tim r! f sly ad .w)r&, 
and su.met is observed nod on.ly brfiws d h r  bnrorridw h,as 
begun, to f i l  at a.ny pkwt ,  hi i t  li$or.r t . h  t.riat.cnc.c c!f' a~i:y 
(EepresRion can bc! t r a c d  

Cdirrus appears all round the clotid werr of ii tropical 
eyelone, instead qf onhy r o t i d  the f i m t  .pwic?ir.de as ,in 
h.igh,er latitudes. Tho a.Pirie,im.ts (!) i$ the +t,r'yes of ci,rt,ws 
appear to lie more rad id ly  froin th.e crirta~ ~1 tl ic Tr.opicn, 
instead ?f ta?igc.n.tialZy to the ivobcr.?:v, a.8 ,itdicafr t7 by tlic 
researches qf . L e y  and T~i7~~rhrirn.~~8w,}~ , it)  Ktiqland t r n d  
&'weden, resp fc t ivdy  . 

The gewra.1 cha,racicr. of dlic- clotid a./l .rotlid tlrc wii.ter i s  
more un.i$)nn in. than out of thr Tro I icv- hiit still t1i.a clooud~ 

The broad current. of air over t,he West Indies coil- 
stituting the '.'trade wind" rtm:hrs from the surflice of 

But taking t, R e observed vnlue from (5) we huve 

small 1916, r U p t  15-16. 

t h  iwigli horhoorl. 

,in rear are ahmy8 a Z,ittlc! h d r r  t . i m  / '  ".' h v t '  . ' i n  $rotit. 

M7hen rain be ins to fall from P large C U ~ I U ~ U S ,  it quantity of cloud 
is poured into t f e  air from the top of the cumulus? as smoke from a 
factory cliimne . this takes $are 111 all artN of the world when rain 
fallsfrom c u m u ~ ~ ,  but in the Temperate. !!ones only a IittleJnZec cirru*, 
or cirriform cloud, is thrown off. In Janiaira thv process is 011 a gi- 
gantic scale, and the cloud is spread out as a sheet far and wide so as 
to shade the land for some hours from tlie direct rays oi the afternoon 
sun. It is therefore a common cloud in the west-central district of 
Jamaica during the Bummer and autumn months. 
Its t e x v  at e is thick and woolly, but M it spreads the sheet 

becomea thumer; it then generally settles down aa stratw, and finally 

it dieappears a little after sunset, Iwving the eveuing sky perfectly 
dear. As it spreads and settles the typical features of cirro-stratua 
and alto-stratus may sonietimes be seen, but surh features are not 
lasting. 

Aberc.romby in his " Instmctioiis for Observing 

A cloud identical in general structure with cirro-strstus only denser 
and at a lower lavel. * * * The thin flat layer of cloud is drawn 
out at the edges into fibers, which shows that the cloud is 8, compound 
of cirrus and stratus; but as the cloud is dense and compsrat.iw1y 
low, we know that it ought to ])I? callcd strato-cirrus. 

NOW, this stmto-cirrus is fori1ic.d at grcztt. elevutions: 
some measures in Jamaica iiiade i t  as much :is 6 nliles; 
and it forms the dividing plane between t,lie trado-wind 
current and the higher regions of cirrus. Indeed, it is 
curious to watch thc large cumulo-nirnhus moving dong 
from t,he east-southeast,, and the strat.0-cirrus pouring 
from the [its] t.op in a totally different direct.ion: but. 
the nbsenc.e of cirrus under these. rcally fine-wen ther 
conditions makes it. im ossible to sny whether thc drift. 
of the strata-cirrus is t i at of t,he cirrus or not,. 

Consequently in the trade-wind current we have stratus 
and cuniulus and all their compouiids moving from the 
csst-southeast together 1vit.h tlie wind: and above these we 
hum cirrus and cirriform cloud moving from any point 
of the compass, but from t,he west, as a gentml averagc 
for the West Indies. 

Re ular observatious are made in Janitiic.a at i a. in. 
(75thffd.1, b ut for t.he proper observat,ion of cirrus the time 
should be about an hour earlier, or near sunrist?; and wheii 
ii cyclone is approaching a constant wat.ch should he kept, 
until stritto-cumulus or other lower clouds begin to 
cover t,he sky; hut as there is often a fineday with a slig lit, 
rise in pressure before the approach of a cyclone (sec. 6 j ,  
as night must often intervene, us lower clouds soon 
move up and showers begin to €all, and as showers soon 
pass into rain squalls, there are remarkably four obser- 
vations of cirrus under cyclonic influence among our 
notes and records. 

Again, as in the c.as(? of the witid, we have to select. 
t.hose c.yclones which are not interfered with by secoiidarirs 
or other cyclones at  a distance, ancl we must. dso know 
accurately the positions of their centers. 

On t.bis account my early work 011 this suh'ect. was coil- 
sidered unsatisfact,ory, but of course the i ower cloiids 
were much the same as t.he wind: indeed, aniong the hills 
t.he cloud level lowers under c.yclonic influt?nces so that4 
t,he hills are capped wit,h stmt,us, and the wind a.nd fog 
move t.ogetrhhcr; as seen from the lains the stratus follows 
the law of ve.rt,icd succession. \ut t>he. c,irrus not only 
moves from the center but even farther around thm t,he 
Habana observations indicnted.le 

It is here proposed t.0 consider cloud motion under 
cyclonic influence as observed in the Iiurricmes of 1903, 
1915, and 1916, of which the records and charts are puh- 
lished but to which we may now add a few cloud ohser- 
vations taken at  irregular hours. 

In the followin table, /3 is the direcbion in w-hich the. 

rnst  around by north, and r is the distance in miles, both 
taken from charts; 4' is the angle between the observed 
wind arrow and the center; C# is t,&s aiigle correct.ed for 
t.he constant east-southeast drift,; 4], 42, +3 are the angles 
between the arrows flying with the stratus, cunmlus, and 
cirrus, and the cei1t.c.r: 111 the last colunin /3 has been 
deduced from two or three of the fmict.ions, 4, @.,, 4,. 

  loud^"^^ described st,rnt40-cirrus as follows: 

c.ontr.r lies from t i e place of obserratdon nieasure.d from 

........ ........................... 
l5 Ed. Stanford- London, 1858. 
16 West Indian Hukiranes b E B. Garriott. Washlugton 1900 
Relation of the Movement; 07th; High Clouds to Cyclones 'in t i e  *'est Indies, bv 

Tohn T. Quln. Momtu~ W I I A T ~  REVIEW, Washington, lwi, 35: 215-219, SlO-Sli; 
18. 

1909,37:134-141. 
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D’dte. 

- 
1W3. 

.\U& 10 
10 
10 

11 

1915. 
.tilg. 12 

12 
12 
12 
12 
12 
12 
12 
12 
12 

1915. 
Sept. 27 

1910. 
dug. 14 

11 
15 
15 w 
15 
15 
15 
29 a 
30 

. Means.. 

How. 

i a .  m ..... 
6 p. m .... 
3 p. m . .  .. 
4 3. in.. 

7a.m _.___ 
7 a N. .  ... 
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Clouddnyt ad the center. 
.. _ _  .- .. _ _  ........ _ _  ................. - ..... _ .- - ............. __- .. I I Cunter. I Wind. :: Clouds. I ~ 

ma&. - 
12- 

Yav-lu-mar .... 350 
Brandon Hill. 350 
Vsle Royal .... 35U 

........ do. ....... 350 

Noraul Point. 345 
Kineston ...... 340 

10 a. in.. 
1 l a N  
3p.m ..... 
5p.m 
3 p.m ..... 

1la.m .... 

l a m  
3p.m 
3o .m ..... 

.... -..do.. ....... 346 ......... do ......... 31(1 
_.__.do ......... 34% .......... do ......... 350 
NegrilPoint ...I 351 

i 
Kempshot .... i 151 

.......... do ......... j 343 .......... do ......... 3 4  ...... 
45.m 
5p.m .......... 
9p.m 
6 p.m.. ... 
8 p.m.. ... 
6 3.m.. ... 
6 o m  
11a.m 

............ 
At Ghrisliaus iu Yaucliestercirrus l>ouds werescun to stretch 

N. to. S. wross thc sky tthoiit this time. ........ 

.......... do ......... 
do ......... 317 .......... do ......... 175 

Kempshot.. .. 327 
Negri1 Point ... 312 
Kempshot.. .. 388 .......... do ......... i U S  ......... do .......... 347 

............................ 1- .... I 

i 
........... .......... Iostr.-uiiuii. 

76 211.1 :GR 1 4cuni: I rir. 

1. ! 10atr.-ninilj. 
121 211 I 3x3 . 2fr.-cii:u: cir-bauds witlimotiounlwg ttieirluugtli. Thiucir-veilorrrl,luesk?.. 

1uo “18 1 3.4; 1 CIIUI: 6 rir-etr. dud c‘ir.. ............ ....... ............ ........I 10str. 

..................... I 
274 ...... ............ ! 123 ......I .... a5rj’ I 4 rulil. na .................. la5 170 i Cir-hmds SW. m d S L  moviiizlroni E.acra~s10cir:Slr. %. 
295 Si 59 si i Srurl. 

750 1 0  s 
62 59 47 59 

$2 43 4 .  4:s ............ ........ 
97 72 51 72 :::::: j ..... ,... .... .1 10 nirub. 
71 IUZ 79 IVL 

600 141 24 ............ 
...... ...... 

............... 
pa0 158 91 ............ 1. 233 !IS j Zcir. 
3.m 138 g 1% ......I XU ’ 
210 145 49 .____. lL5 I IS9 3 4 2 ,  C i r - t ~ ~ i d i n o ~ u r ~ d ~ ~ ~ i t s l e n g t l i .  

.VB I Cir-l)aii<l st?en,amoiig 10,str. 

..... 1 ...... 50 __.___I 113 j 1% i ........ 1 
I ~- 

1 Some chiform cloud had spparently settled down to the level of the middle ~ : I S .  
a Probably dcnse cirrus. 
a Iilngston was just at tho edge of the central men and the wiud, wliicli wis uiily 2.5 milcr, was blowing sliuo~r slmix!it in. See sectlon (12 1. 

Note 17). 
to be 199O, 

the greatest difference from the mean is 2 9 O ,  and the 
average difference is 1 3 O ;  cirrus is therefore somewhat 
more reliable than the wind or cumulus. 

And when the three-wind, cumulus, mil cirrus- 
or any two of them, are observed, and B deduced and 
compared with B taken from the charts, it  will be found 
that the greatest diflerence is 21°, ant1 that the averagc 
difference is loo; so that greater accuracy is obtained 
when two or three aerial currents are observed. as 
mi h t  have been expected. 

‘!$here is as much cirrus in the rear of a West Indies 
cyclone as there is in front; often there is more; tml 
cirrus moves away from tho center after it has 
in exactly the same manner as when it appromhe 

And with reference to the I-Iabana observations, when 
a cirrus band moves along ita length then the direction 
of the band indicates the position of the center; other- 
wise the position of the center must be inferred from the 
motion of a point on a band; and as many of these 
bands are very uniform, it is often difficult to find a 
well-marked point. 

The resent cloud results are in close agreement with 

made above; and consequently these results may be 
said to be based on observations extending over 30 nr 
40 y6ars. 

with re ad to strongly marked colors in the sky at 
sunrise an% sunset, it were greatly to be wished that 
they were always to be observed before 8 cyclone, or 
before the pressure begins to fall; but t,his is not the 

- 
With regard to cirrus, taking the mean of 

cfassed 

those P ound many years ago, to which reference was 

It wi?l be noticed that with two exceptions tlie center 
was always in the east-southeast quadrant; this is of 
course the most important uadrant for Jamaica, hut a 

casu; sometinies bhe sPongevt. colors appew i?i oonnec- 
tioii with quite small depresnons; and sometimes with 
large cplones they hardly appear at  all. 

i n p o n t  th.an i n  rear. Cyclone rain has a spci$Fc character 
(14) ~~~~~~h~~ 

quate dijkrent from that cf showers or thunderstorms; aid 
this character 1.8 IN t m  ivonouimAE in fro ~ i c n l  than. i n  extra- 

more general analvvis (:ou ’t cl have been wished be&+ Tai,b of a eatends farther 

tropical cyclo ILC‘S. 
Thunda. or l ightniiq urc rarely obswued .in tlie hmrt of 

uny e!ycloii.a, and their absence is Q very bad sign of the 
,wenth er .  Thtmderstoms w e .  however, a bun.&uiitly devzrsk 
o p d  O I L  t1i.F; outskirts of’ tropicul humkunes. 
In section 6 reference was.made to the dail thuniler- 

the 
autuninal months; and in the last paragraph i t  was 
stated that on the a proacli of a hurricane the hills are 

and that showers begin to fall which pass into ram 
squalls; and these are both distinct from our winter 
“northers,” when the stead wind from the north sweeps 

the opposing hills on the north side of the islaiid. 
So cyclonic rain is very distinct; and while thunder- 

storms may occur on the outskirts of a hurricane, they 
are not a feature of our cyclonic weather: and in ths 
way when rain and wind set in during the autumnal 
months the absence of thunderstorms may be “a  very 
bad sign” to the community at large. 

(15) Squalls w e  one of the ‘most characteristic features 
nf ‘ (6  tropical cyclone, wheii they suir-ound the ccder on d 
Yides; .wlmrea,s in Great Britain s q u a b  are a.irmost mlu- 
sivd,i/ fomned along that portion of the Gne of’ tke trough 
w7~ich is south of the center and in the right rear of the 
depression. As, however, we.find thad the-front cf a Bdish 
c!yclnne tends to fomn squalk when, the i n t m t y  is very 

storms in the cent,rnl parts of Jamaica turing Y 
capped with clouds, t 1 at lower clouds soon cover the sky, 

across the sea and throws c9 own any quantity of rain on 
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‘calm ” only in comparison with the hurricane outside. 

Tlic following iic(mint. of tho calm nrea of cyclune B, 
The area, however, did not pass over me. 

great, the injirmce s e m  juatijkble that this feature of 
tropical huwicam.es is simply du.e to their exceptiond 
dntt‘nsity. 

i L  the central area of a cyclone ap roaches, the squalls 

which side of the area the observer ma be. In  the 

an hour and a half after, the center moving away at  t>he 
rate of 19 miles an hour. 

It so ha pens that a visitor from Ireland in IS15 

and wrote a brief note on the subject some years a ter,” 
in which he refers to the squalls more part.icularlv. The 
house he was in a t  Hope Bay gave way, and shelter hac1 
to be obtained elsewhere; it was then that (‘these gusts 
of wind ap eared to roll on like volumes of water. t,he 

of these wind waves coming on the heels of another.’’ 
(I  6) A patch of bhie sky in tli c cender oj’ a c!yclon.e, coin- 

inonly known. as the “bull’s-tyc,” i s  alnost un.ivmsa1 in. the 
Tropics, and a parently .unkn.cnun .in. liigher latitudes. 
Thzs blue pate f does not u.pparen.tly nl,ioays coincide 
exactly with the har0metri.c center. The  author’s researches 
show that in middle latitudes the formation. o fa  “lull’s-eye” 
does not take I lace when the motion of trmnslation i.9 rapid, 

when they are ni,own,g slou$y, it would appear that a cwtain 
intensity oj’rota.tion as necessartl to develop this yli,enomenon. 

Elsewhere, at, page 20 of this article, Aborcromhy 
wrote: 

Lastly in. the twrtex of the ty 7iooii. WE. Jind the “bull’s- 
eye,” or ca.1.m clea.r spot a fcw n1.a Y es in diameter, surrounded 
on all sides b y  thefury of the Au.rricnne. Many accounts 
received agree in saying that light cirri are cisiially, 
over this urea, th.at near lami this space i s  j u ~  o ’ G 
that the i eat is sufocating. During th.e passage qf the 
vortex over Banila on. tAe 90th October (1882), the. ther- 
mom.eter rose rapidly and tlie relative h,itinidity decreased 
to a.n extent hardly known i.n the driest m.onths. Tlie 
universal exclumation wa.8 

I n  the rrucceedin typhoon, Ilovember 4 a:nd 6 ,  .no suc7t 
central heat was o B s e n d ,  but the. iniensity of the cyclone 
was much less. 

The instrumen.ta1 observations at Manila on. these t.wo 
occasions are a.bn.ost unique, but there is n o  doubt that 
a clear hot cenird spot zs a normal feature of tropical 
cyclones. T h e  oppressive h.ea.t a.nd great dryn.ess would 
pYrobab1.y point to th.e eaistence of a sligld dowii draft in 
the core of the cyclone. It is ertrem.ely &#cult to jbmn a 
deJieite conception o such a sys tm of circulaC1:onJ for there 
i.s not the sightest d oubt th.at the main mass of air in th.f 
center of a t y l o n e  i s  Tising. 
As remar ed in section (12), the air rushes into the 

central area from every point of its limitin circle with 

rather than current, so tha.t the ascensional motion can 
hardly be observed. 

reat central heat occasionally 

Antilles a few ears ago, it was reported that st, a certain 
place the peop s e were deluged with ‘(hot water’, instead 
of rain. 
The central calm area of the Jamaica hurricane of 

1903, August 11, was 10 ‘miles in diameter; the wind in 

become terrific and apparently it ma 1 -8s no difference on 

Au st  hurricane of 1915, the scplls a t  I P emyshot were 
ns r ad seven hours after nearest approach as they were 

experience CQ the Jamaica hurricane in October that ear, 

trees and I? ushes crashing beneath their pressure, onc! 

B 

‘ 

but as this b Y ue space i s  iiot observed in British cyclones 

taking re uge from the tern& szcrrosindin.g squal.s, 1 a,nd 

The air bwn.s.” 

. 

a velocity of ~COS+,  producing an ascen %- mg volume 

felt in a hurricane whic B passed over one of the Lesser 
With regard to the 
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where the. rotatioml energy is tnodtrate a.nd the transl:tional 
velocity qrPnt. 

17Le-f;T.Pt set of cAmvitt&stics rliny ( ~ o m & m t ~ y  be classed 
togct7t.er a8 th.z 1~otai~onct7: f7w s~cond  nr? ns thc fr~ns7acrfi.nnal 
p7t.cnom.en.a of Q cyclonc. 

(19) Trnpicnl a.nd t.ctrn.-liropktrZ ryt~lo:ic..r ( I IV  idriitka.% Gin, 
generd chcrrflctr-r, but diflwin cpr.tti:in. t l t t d x ,  tlrit .to 1a.t i tutl~~ 
NJrrm;nding p w ~ s w t ,  and to th.e wICrtiw .i,itr.nnty qf rotcr-‘ I fion. and lirmialation. 

mwox OF ‘TRANSLATION AND ROTATION. 

According t.0 section ( I  1) it might be imagined that a 
cyclone consisted of a number of spiral rings of wind ro 
tating more and more rapidly as they approached the 
center, mbile t.lie whole ninm of air moved onward. 

I 

-I 

0’ Y 0 

0, 

OD 

h 1 
no. Q.-l’racks of portions of air at A, B and C, relative to the mt,er  moving from 

0 to 0’. 

Consequently if the cyclone were moving toward the 
west the wind at a point north of the center would be 
moving with its rotational velocity plus V, the velocity 
of translation of the center; and the point at the same 
distance south of the center would be movin with the 
stme rotational velocity min,w V; and when 5 7  is large, 
say 20miles an hour, the effect on the wind north and south 
of the center will be strongly marked. And of course 
ever point on a spiral would be affected one way or 

Such a system does not represent a c clone at all. Sir 
Napier Shaw, F. R. S., director of the B ritish Meteorolo- 

anot i er. 

gical Office, has shown that if each portion of air within 
a cvclone simply moves at an instant in accordance 

innke the air sweep in from the north to the central line 
lint1 then sharply turn round the center, or even get 
might, bv the hurricane ring surroundin the calm central 
nrea; wliile the air south of the centri line hardly ap- 
proaches, or even moves awa from the center. 

front of an ndvaiicin cyclone whose center is 0, all at 

lies to the southeast, at R to the east, and a t  C to the 
nor theas t. 

The fall of pressure corsesponding with r must be taken 
from equation (11, in which we shall take a-0, c-2; 
then v is known from equation (4) ; and the direction of 
motion foreachquadrantlsgivenin the tableinsection( I I). 

Take T-, the velocity of the center, to be 20 miles an 
hour; and then we can roughly draw the lines and curves 
in figure 9, showing the positions of the center and of 
-4, B, and C, from each hour from 0 to 10. 

It will be seen that A is drawn into the hurricane 
rin round the center, that B, moves round the center 

Generally s eaking, in gure 9 we see that the faster 

south of the central line changes its direction, while the 
velocity depends on r, the distance from the center, and 
its functions Ap and G. 

Now, while the center moves forward, the oval isobars 
also move foiward, not by pushing the air in front but 
by a wavelike transmission of pressure; and thus from 
moment to moment the whole cyclone may be imagined 
to take up fresh ositions along its line of advance with- 

Consequentl when the central area passes over a 

cyclonic rotation, there is also no wind due to cyclonic 
translation, although the cyclone may be moving at the 
rate of 20 miles an hour. 

The effect of passing into the central area, from hurri- 
cane to fine weather in the course of a few minutes, is 
always surprising; and the damage done must always 
cause anxiety as to the coming hurricane when passing 
out. 

with its ositioii and distance s rom the center at that 
instant, t B ien the effect of the motion of the center is to 

I11 figure 9 let us consider t fi e three points A, B, 0, in 

the r1istanc.e of ! N O  mi s es from the center; at A the center 

d an % that C after describin a short curve is left behind, 

the motion o P the center, the faster the air north and 

out any part of t \ e air being moved by that advance. 

place where t gl ere is no gradient and no wind due to 

APPLICATION OF RESULTS TO ACTUAL CYCLONES. 

In  “The Observer’s Handbood,” issued annually by 
the Meteorological Office, London, or in “Hints to Meteor- 
ological Observers,”’) will be found full information re- 
specting meteorological instruments and their manage- 
ment, and a great deal of valuable information, so I 
shall only remark that mercurial barometers should be 
used instead of the more convenient aneroids, for the 
simple reason that the latter soon get out of order; more- 
over they have to be continually compared with a mer- 
curial standard, as absolute pressures are required. 

Good mercurial barometers are necessary in dealing 
with cyclones a t  a distance and small depressions near a t  
hand; they must be rend to the nearest 0.002 inch, and 
the usual four reductions to standards of temperature, 
elevation, gravity, and ICew for instrumental error, must 
bo made.ao Again the readings must be corrected for di- _ _  - - - - _ _  - - .. ___ 

10 1K Muffiott, Ed. Stanford, London. 
The UnlW States Wmther Boreau grou these four under the two heads “Instru- 

mental error” and *'altitude" corrections. %!he mercurial barometer is read to 0.001 
inch.4. A.,jr. 
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.... ..... -_I 
hng. 12, NIB, 7 p. m.. ............. j ‘%%3 

9 p . m  ............... I .61S 
.591 

Rp. m ............... .&I6 

10p.m ............... i 
11p.m ............... 

urnal variation of pressure which goes on regularly hour 
after hour, storm or no storm, for this variation is as large 
as the fall due to the distant disturbances we want to 
measure. After these corrections the third decimal figure 
ran not of course be depended on, but it should be re- 
tained until the reduced rending has been subtracted from 
the average pressure for the time of the year, and the fa.11 
below mean obt,ained, and tshen the third figure should he 
rejected. 

With regard to wind instruments, Robinson’s anemo- 
meter is most valuable in giving the average velocity 
for short intervals of time: n.nd it is to these velocities 
that our formulae always refer. I t  can also be used in 
checking estimated velocities during a considerable 
lengtrh of time; but when the velocity is very great and 
the gusts txeniendous, it seems ciouhtful whether any 
instrument [in geiiernl meteorological iise] can measure 
them correctly. 

For daily re istrttt,ion of c.loui1 ol>serratione in the 

*irnicldlet” and “upper.“ for stratus! cuinulus, and cirrus; 
ancl when the cloud forms become niisecl a.s n st.orni 
comes on, it may at  least be possible to refer them to 
their proper columns. Rut. frncto-strntus ancl frscto- 
cumulus are sollietimes very much dike when drh7en 
before a rising gale; and e i h r  dense st.rato-curndus 
or dense cirriforrn cloud forms the overhead canopy. 

Wit>h regard to cirrus and cirro-stratus, the observers 
in Jamaica, including m-pelf, have generally confined 
cirrus to its definition: “Detached clouds of delicate or 
fibrous appearance often showing a feather-like structure” 
etc. Consequently we have atp lied cirro-stratus to 
include dense cirriform sheets; 1 ut the dekiition of 
cirro-stratus is: “A thin whitish sheet of cloud” etc., 
and I am inclined to think that the latter definition 
should be preserved, noting “dense cirrus” when neces- 
sary; “cirrus bands” forming a connecting link beheen 
the two forms. 

I n  this case cirro-stratus will be seen for a short time 
only; and the sequence for nn advancing cyclone will be: 
cirrus according to definition, cirrus-veil, ciim-stratus, 
cirrus bands, and dense cirrus. But of c.oursc stratus, 
or strato-cumulus, prevents, ns a rule? any such complete 
se uence from being observed. 

Tropics there s a odd be three columns heitdecl “lower,” 

b e  shall now consider a few cases. 

- ..... ..I. ....... ._.I ..... 

E m P L E  1. 

August, 1915, Ahpahot. Mean barmnetm, 29.928 inelus. 

9th 7 a. m., 29.978 
9th3p. m., .997 

10th 3 p. m., .967 

11th 7 a. m., .942 
11th 3 p. m., 
11th 7 p. m., 

12th 7 a. m., 

It waa now apparent tthat there was a cyclone to the 
east, and the large fall between 7 a.m. on the 11th and 
7 a.m. on the 12th indicated t.hat i t  was moving west- 
ward on the southern or middle track (see fig. 4). The 
stratus blowing over the hilltop prevented any obser- 
vation of the up er clouds. 

At 10 a. m., lowever, the stratus broke up, and the 
following were the notes made: 

weather; irsual wind8 and cloudr. 

358, very fine, calm, clear. 
-8.59, very fine clear evening. 

.788, wind, north, 15 miles an hour; 10/10 etr., north. 

aaa 
0.28 
0.31 
0.N 
0.36 
a37  

InS. 

............................ 
\ a m  

.......... / 
0.055 13th, 1 a. m. I I ,  a. m. 0.04s 
O.M1 l l a . m .  

230 a. m. 

Aug. 12, 1915. 10 a. m. 

lap. m 

29.749 nne, 30mis.!hr. 2/10 Str., m e .  
2/10 F-Cu., ne. 
1/10 Ci. band, se. 
Thin cirrus veil over blue sky between clouds. 

Now from the pnrallelogrnni of velocities (fig. 7) it  
was found tha.t the cyclonic wind was 31 niiles from the 
north, so that a was 270°! a.nd so that 
Prom the wind ............................................. 81314’ 
From the cumulus.. ........................................ 6=338” 
From the cirrus. ........................................... p=334’ 

Mean.. 8=339” 
The true value of B was 3Mc, so thtit the deduced diwc- 
tion of the center was fnirly c.0rrcc.t.. 

It will be noticed that the. wind velwitj- WBS in accord- 
ance with the fall below mean, iiitniely! 0 . 1  s. In fact., 
betwwi 7 a. ni. and 1 p. ni., t.ho obserrrtl wind was 1.5, 
n.nd t.he cyloiiic wind 17, whirh is in e s i d  a.rcordanve 
wit.h equation (-1). But after 2 p. in. irregularity set in: 
the wiiicl rlirtl down; sometimes there were puffs from 
the west: ancl all th& t-ime the barometer was steadily 
falling. The irregularit,v M-RS due to a secondary iii  
iidrance of the >rinia.ry on it,s northwest edge; and 

Thc barometer wns falling steadily, however, nrid 
might inclicate whether the center u-ns iipproaching 
‘Kempshot directly or not. 

Let T- be the velocity of t.he center in miles per hour, 
and B be the rndient in inches of mercury per mile: 

that t.he center is moving t,oward the place of observation. 
But G‘=Ap/2r from equation (2) supposing that a-0 ;  

uiid as the time of :i.rrivnl is clearly r/v, provided again that, 
the center is moving tow-art1 the place of observation, it 
follows that. 

.................................................... 

notrliing more cou r’ rl be made of the wind.?’ 

then the rate o B fall per hour will clearly be C‘V, provided 

Fall below mean 
Twice rate of fall. Time of arrival = 

I t  is importunt to  show that this equation requires 
no conipu tat ion; the bnronieter readings must of course 
be reduced ancl corrected for diurnal variation, and then 
arranged RS in the following table, where the difference 
of pressure between 7 p. m. and 9 p. ni. is twice the fall 
per hour, ancl is set opposite 8 p. m., nnd the rest follows 
:7s a matter of course: 

Fall Twice I 1 Barometer. 1 below I r;$ipf 1 Time of arrival . 1 htc and hour. 
man. 

a The eonfusion reached a climax at 7 p. m. when nome lower cloud was moving fayt 
lrom northeast, and when there mre some ctrrus bands also moving from northeast. 
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EXAMPLE 2. 

August. 1916, Xernpshot. Main barometer, 99.920 inches. 

iiz; 9: z:; :!:::; Fine weather; usual winds and clouds. 
13th, 

loth, 7 a. m., 29.970 

13th, 3 p. m., 29.982 
14th, 5 a. m., 29.1131 Wind east 5 mis./hr.; 5/10 cir.q ae. Rnc. 
14th, 3 p. m., 29.S97 Wind eafltnorthesst 3 mia. r.; 10/10 cir.-st., 

a. Ln., 30.007 On the 10th and 11th usua.1 showers from cumuli. 

Great haze over t.he l a n t  

The nneinc~metm showccl nn aivcra e of 8 miles an 

find the cyclonic. wiucl which wa.s 6 niiles from t.he north, 
so t h t  a W U R  ;@ii 270'; and 
Prom t,he wind ............................................. p=314O 
From the < i r r w  ............................................ /3=334O 

hfean ...................................................... p=324' 

while the true B from t,lw subsequent chart was 343'. 
15th. 7 a. m.. 29.803 inchw: wind light a.nd variable, 5/10 A.-Cu., 

ne., 5/10 cirrus veil. 
15th, 3 p. in., 29.721 inches: wind? ne., 20 mis./hr., 4/10 Fr.-Cu. 

ne., 6/10 St.-Pu., ne. 

Consequenbly the cyclonic wind, v = 183, which is in 
almost exact agreement with equation (4); and a=24So; 
while 
From the wind. .......................................... .8=292" 
From the St.-Cu. ......................................... .p=338° 

Mesa. ................................................... .8=315O 

and the true B was 322O. 
At 6 p. m. the usual rain squalls set in, and equation 

(6) was applied; but as the center a ain was not di- 

apply equation (6) to Negril Point Light.house observa- 
tions, with the following result,s: 

t 
hour het.u-ccn i a,. 111. and 3 11. m., i n  li this was used to 

rectly approaching Kempshot, it will t e convenient to 

1916. 
Aug.15,tlp.m .................... 

7 p . m  .................... 
Sp.m .................... 
9 p . m  .................... 

1Op.m .................... 

zs j Timeof 
srrlval. fall. I 

As a matter of fact the ed e of the calm area arrived 

house, and subsequently the wind rose to 96 miles, and 
even to 120 miles an hour for short intervals, as meas- 
ured by the anemometer. 

Returning to Kempshot: The lowest pressure was 29.19 
inches; the wind was estimated at 60 miles an hour, and 
equation (4) gives 64. But the gusts were very heavy; 
the pressure plate showed a manmum of "30 pounds" 
per square foot; and if 

then for the particular instruments at Kem shot, the 

again as the average wind. 

at 11 p. m. It passed centra K y over Negril Point Light- 

u' = 280P, (7) 

maximum gust was 92 miles an hour, or ha s as much 

NOTES. 
(A) The gradient: 

Let Ap be the fall below mean at a point on the curve 
1' miles frnni the central area; let Ap be the fall when 
I' is incrensd by 1. Then if G' be the gradient, 

(r' = A p  - Ap' = A p ( l -  Ap'/bp), 

= Ap/2(r-a), nearly. 
(B) The t a ; n p d :  

Lct Apo he the fall at the center, let Ap, be the fall 
at. the point' where t,he tangent takes off, and let r, be 
the distance of this point from the central area. Then . 

G = Apl /Z Cr, - a.) = (Apo - ApJ /rI, 
t.hc.ref ore 

rlAp, =%r, -d(Apo-Apl), 
t-hereforc 

(tal - a)  Ap, = 2 (rl - a)  (Ap, - Ap, -&pi), 
therefore 

Apl = 2 (Ape - Ap,) - aApJ (r, - a), 
= 2 /3Apo - aApl/ (3[T1 - a]) .  

Rut from equntion (1) 

and eliminating (r, -a), 
Apl = 2/3Ap0 - aAp,9/38. 

(C) The constant k: 
Let t = Oo, so that p = kp,, where po is the density of 

tlie air a t  0' corresponding to the pressure p .  But if 
Bo be tlie hei h t  of the barometer reduced to 0' at the 

g be the force of gravity at that place, and uo the den- 
sity of mercury n t  Oo, t.hen 

so that 

p,' = c*/ (TI - a) ; 

place where t. 5l e esperiincnt was made to determine k, 

P = 9aPo = kPo, 

k = g%Bo. 
Po 

And by takin feet and seconds as the units of space 

and of air at ressure 8,, k was found equal to 843,663. 

multiply b 15/22; but k must be multiplied by the 

per second per second; and so we get k=392,200 111 mles 

and time, an a by wei hing equal volumes of mercury 

To reduce P eet per second to miles per hour we must 

square of t E is ratio, remembering that g is given. in feet 

per hour. 

a.nd 
(D) A few values of and +s were found for a=39O, 

so that we have the following: 
B 9 2  h 

343' 113' 199' 
!No 105' 198' 
189' 69' 180' 

We notice failure for +a when the center lies to the 
west. This is quite in accordance with the breaking up 
of the clouds, all but the highest, after a cyclone has 
passed; but while the center is more or less to the east, 
the direction of cumulus can be depended on as already 
stated, though preference should be given to cirrus. 


